Introduction To evaluate the impact of recent evidence-based treatments for severe sepsis in routine clinical care requires an understanding of the underlying epidemiology, particularly with regard to trends over time. We interrogated a high quality clinical database to examine trends in the incidence and mortality of severe sepsis over a nine-year period.
Introduction
Severe sepsis is a syndrome characterised by systemic inflammation, coagulopathy and acute organ dysfunction in response to infection [1] . The published mortality associated with the disease has reduced slightly in the past 10 to 15 years, almost certainly a reflection of improved supportive clinical care, but still remains high (30% to 50%) [2] . This reduction is evident from comparative outcomes in placebo groups of large randomised studies in severe sepsis [3] [4] [5] [6] . The challenge is to achieve outcomes for patients that are consistent with the treatment limbs of these recent studies. Recent treatment modalities that have established their efficacy in patients with severe sepsis include drotrecogin alfa (activated) [5] and early goal-directed therapy [7] . The widespread adoption of such evidence-based practice into clinical care has been disappointingly slow, despite the quantifiable benefits of a 6.1% absolute reduction in 28-day mortality with drotrecogin alfa APACHE = Acute Physiology and Chronic Health Evaluation; HDU = high dependency unit; ICD = International Classification of Diseases ICNARC = Intensive Care National Audit & Research Centre; ICU = intensive care unit; PROWESS = Protein C Worldwide Evaluation in Severe Sepsis; SIRS = systemic inflammatory response syndrome.
(page number not for citation purposes) (activated) [5] and a 16% absolute reduction in hospital mortality with early goal-directed therapy [7] .
The Surviving Sepsis Campaign was developed in an attempt to address the clinical inertia in the adoption of such evidencebased strategies [8] . The campaign has worldwide support from professional societies and has gained consensus on the management of patients with severe sepsis. The guidelines have subsequently been deployed in two bundles, with the components in each bundle sharing a common relationship in time.
Clinical experience to date would suggest that the inclusion of evidence-based strategies into bundles, which facilitate a drive to change by the reduction of omissions of clinical care, will be the key to effective change in practice [9] . Quantifying the full impact of these changes will require a longitudinal understanding of the underlying epidemiology of severe sepsis in the population. It is important to know not only baseline data, such as the incidence of severe sepsis and associated mortality, but also trends in these data over time, so that any change can be evaluated relative to these trends. Many recent studies have explored the epidemiology of severe sepsis in different populations [10] ; however, most of these studies had a short time frame and were unable to describe changes over time.
We present data from an analysis of a database arising from a national audit of patient outcomes from critical care units in England, Wales and Northern Ireland. Data from this database have previously been used to establish baseline epidemiology for severe sepsis in the UK [11, 12] . When these analyses were performed, however, only four years' data were available, limiting the usefulness of comparisons over time. The increasing amount of data from this ongoing audit means that a more complete analysis of time trends is now possible. In this article, we present an analysis of the changes in the epidemiology of severe sepsis presenting within 24 hours of admission to critical care in England, Wales and Northern Ireland. The data cover the nine-year period from 1996 to 2004. 
Materials and methods

Case Mix Programme Database
The Case Mix Programme Database is a high quality clinical database containing data on demographics, case mix, outcome and activity for admissions to adult, general critical care 
Selection of cases
Admissions with severe sepsis during the first 24 hours in the critical care unit were identified using physiological criteria derived from those used in the Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) study of drotrecogin alfa (activated), as described previously [12] . Briefly, severe sepsis was defined as evidence of infection plus three or more systemic inflammatory response syndrome (SIRS) criteria [1] and at least one organ dysfunction (cardiovascular, respiratory, renal, haematological or metabolic) during the 24-hour period. This diagnosis of sepsis was based on raw physiological data.
Analyses
The total number of admissions with severe sepsis within 24 hours of admission to critical care and percentage of all admissions was calculated for each year from 1996 to 2004. For admissions with severe sepsis, the case mix, outcome and activity were described for each year.
Case mix was measured by age, sex, severe comorbidities, surgical status (admissions direct from theatre following elective or emergency surgery, and non-surgical admissions), preadmission critical care (transfers from another ICU or HDU, and those managed on the ward by the critical care team prior to admission to the critical care unit), reason for admission to the critical care unit, Acute Physiology and Chronic Health Evaluation (APACHE) II score [14] , number of organ dysfunctions, and summaries of individual physiological variables. Outcome was measured by the mortality in the critical care unit, transfers out of the critical care unit for ongoing care in another ICU or HDU, and the mortality at ultimate discharge from an acute hospital, both overall and by surgical status. Activity was measured by the length of stay in the critical care unit (by survival status), the percentage of critical care unit bed-days occupied by admissions with severe sepsis, and the total length of stay in hospital (by survival status).
Trends over time were tested using generalised linear models: logistic regression for binary variables (admissions with severe sepsis, sex, mortality); linear regression for changes in means (age, APACHE II score); ordered logistic regression for ordered categorical data (number of organ dysfunctions); and multinomial logistic regression for unordered categorical data (surgical status, pre-admission critical care, critical care transfers). Median regression was used to test for changes in median lengths of stay. All generalised linear models were fitted with robust (Huber-White) standard errors adjusted for clustering on critical care unit [15] .
Population incidence
The projected total numbers of admissions aged 16 years or over to adult, general critical care units in England, Wales and Northern Ireland for each year were estimated by extrapolating the number of observed admissions to 240 critical care units identified from the Directory of Critical Care [16] . Confidence intervals were estimated by bootstrapping [17] . The projected numbers of admissions were converted to population (treated) incidences by dividing by population estimates obtained from National Statistics [18] . Population estimates were not available for the year 2004.
All analyses were performed using Stata 8.2 (StataCorp LP, College Station, TX, USA). P < 0.05 was considered to represent a statistically significant result.
Results
Of the 343,860 admissions between December 1995 and January 2005, 92,672 (27.0%) were identified as having severe sepsis during the first 24 hours following admission to the critical care unit. The breakdown of the data by year is shown in Table 1 following elective surgery (P = 0.046 relative to non-surgical admissions), but there was no change in the relative proportions of emergency surgical and non-surgical admissions (P = 0.22). There was a slight decrease in the proportion of admissions with severe sepsis transferred in from another ICU (P = 0.003) and a corresponding increase in the proportion stepped-up from an HDU (P = 0.036); however, there was no change in the proportion managed on the ward by the critical care team prior to admission (P = 0.62). There was no change in the mean APACHE II score (P = 0.56) or the number of organ dysfunctions (P = 0.84). Overall, 23% of admissions had an APACHE II score of 25 or more (indicating a high risk of death [8] ). However, 83% of admissions had multiple organ failure (two or more organ dysfunctions).
Changes in the individual physiological measurements contributing to the SIRS criteria, markers of organ dysfunction, and laboratory measurements are shown in Tables 2, 3 and 4, respectively. There have been some slight trends in the physiological measurements over time, although not sufficient to influence a summary score such as APACHE II. The proportion of severe sepsis admissions that were mechanically ventilated during the first 24 hours in ICU has also decreased from 81% in 1996 to 73% in 2004. Changes in severe comorbidities are shown in Table 5 . There has been a decrease in the proportion of severe sepsis admissions with severe respiratory or cardiovascular comorbidities and a slight increase in liver comorbidities.
The most commonly recorded primary reasons for admission to ICU were pneumonia (22.6%), septicaemia/septic shock (11.8%), bowel perforation or rupture (10.5%), exacerbation of chronic obstructive pulmonary disease/asthma (5.4%), meningitis (2.1%) and pancreatitis (1.9%). There was little change in these reasons for admission over time. Figure 3 shows changes in unit and hospital outcomes over time. Mortality in the critical care unit decreased from 34.3% in 1996 to 30.8% in 2004 (P = 0.013). The proportion transferred to another ICU remained approximately constant at around 7% (P = 0.29); however, the proportion transferred to an HDU increased (P = 0.009). Hospital mortality also decreased from 48.3% in 1996 to 44.7% in 2004 (P = 0.042). The decrease in hospital mortality was more pronounced in surgical admissions (both elective and emergency) than non-surgical admissions. Figure 4 shows changes in activity over time. Length of stay in the critical care unit was longer for survivors than non-survivors (median 4.6 versus 3.2 days). This gap widened during the course of the study period as the median length of stay for survivors increased and the median length of stay for non-survivors decreased (both P < 0.001). Length of stay for admissions with severe sepsis was long compared to other admissions, indicated by the 27% of admissions that had severe sepsis utilising 46% of all critical care unit bed-days in these units. Median total length of stay in hospital for survivors was four weeks, with a small but statistically significant increase during the study period (P < 0.001). There was no change in the median hospital length of stay for non-survivors, which remained constant at 12 days (P = 1.0).
The projected total numbers of adults (age 16 years or over) admitted to 240 general critical care units in England, Wales and Northern Ireland with severe sepsis during the first 24 hours following admission to the unit, and the corresponding numbers of hospital deaths, are shown in Figure 5 . The number of critical care admissions with severe sepsis has risen steeply from 18,500 in 1996 to 31,000 in 2004, and, despite falling mortality, the total projected deaths has risen from 9,000 in 1996 to 14,000 in 2004. These figures are presented as population incidences in Figure 6 . The incidence of critical care admission with severe sepsis during the first 24 hours has risen from 46 per 100,000 adult population in 1996 Values are number (percentage of admissions with evidence available to assess past medical history) presenting with the specified comorbidity. a Immunocompromised defined as AIDS, daily steroid treatment for past six months, radiotherapy or chemotherapy within past six months, metastatic disease, acute or chronic myelogenous or lymphocytic leukaemia, multiple myeloma, lymphoma, or congenital immunohumoral or cellular immune deficiency state. b Respiratory comorbidity defined as shortness of breath with light activity due to pulmonary disease, or using home ventilation. c Cardiovascular comorbidity defined as fatigue, dyspnoea or angina at rest due to myocardial or peripheral vascular disease (New York Heart Association Functional Class IV). d Liver comorbidity defined as biopsy proven cirrhosis, portal hypertension, or hepatic encephalopathy. e Renal comorbidity defined as requirement for renal replacement therapy for irreversible renal disease. 
Discussion
Key findings
The proportion of critical care admissions with severe sepsis during the first 24 hours rose from 23.5% in 1996 to 28.7% in 2004. Extrapolating to all adult, general critical care units in England, Wales and Northern Ireland, we estimate that there were 31,000 admissions with severe sepsis in 2004 (an increase from 18,500 admissions in 1996). Mortality for admissions with severe sepsis has decreased despite measures of severity of illness (APACHE II score, organ dysfunctions) remaining constant, but the total number of deaths has increased from 9,000 in 1996 to 14,000 in 2004. In population terms, the treated incidence of severe sepsis per 100,000 population rose from 46 in 1996 to 66 in 2003, with the associated number of hospital deaths per 100,000 population rising from 23 to 30.
Strengths and weaknesses of this study
The main strength of this study is the use of a large clinical database with detailed physiological data for the first 24 hours in ICU. By comparison with studies based on hospital discharge data coded with, for example, International Classification of Diseases (ICD) codes [19] [20] [21] , we were much better able to match the consensus definitions of severe sepsis. As the definitions were applied to raw physiological data, this removed the potential to bias evaluations of trend over time by changes in the interpretation or application of the definitions by individuals. However, the data were not collected for the primary purpose of identifying severe sepsis and some of the definitions used in the PROWESS study could only be approximated. It was also not possible to identify severe sepsis occurring later than 24 hours after admission to the critical care unit. The long time period (nine years) allowed comparisons over time that have not been possible in previous studies of critical care.
A number of other factors may also have affected the results. The number of units that contributed to the database varied over time. Some closed, merged or left the programme, while new units would join the programme and begin to contribute to the dataset. Hence, variability in the quality of care in different units may also contribute, to some extent, to the results. Severity of disease may also have changed over time, despite little change in APACHE II scores, as indicated by the decreasing proportion of patients receiving mechanical ventilation. Finally, although sepsis was diagnosed using raw data, the criteria used by physicians to admit patients into their ICU may have changed over time. For example, improved recognition of sepsis may have led to earlier admission of patients with sepsis, and this may influence the outcome of the admitted patients.
Comparison with other studies
By comparison with other countries, the percentage of critical care admissions with severe sepsis in our study is very high.
Other studies have reported a range from 7.9% of admissions in the Slovak Republic [22] and 8.4% in France [23] to 14.8% in an international cohort [24] and 17.4% in Brazil [25] . This difference could be due to poor matching of the PROWESS definitions identifying too many patients as having severe sepsis. However, this seems unlikely, as the population incidence is similar to that reported in other studies (47/100,000 in Norway [20] , 54/100,000 in the Netherlands [26] , 77/100,000 in Australia and New Zealand [27] , and 75 to 119/100,000 in the USA [21] ). The difference may, therefore, reflect a lower provision of critical care beds in England, Wales and Northern Ireland and hence reduced access to critical care for lower risk patients. By contrast, a further study in the USA reported an incidence of 153 per 100,000 population [28] -double that in any other country. This may be due to the significantly higher provision of critical care beds in the USA compared with elsewhere [29] , although it may indicate that the ICD codes used to define sepsis in this study were too general, with more specific codes used in later studies [21] .
Two previous studies have explored trends in the epidemiology of severe sepsis over a significant time period [19, 21] . Both of these were hospital-based studies from the USA, with the diagnosis of severe sepsis based on ICD, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The main results of these studies were consistent with ours, showing increasing population incidence of severe sepsis and decreasing mortality. However, Martin and colleagues [19] also found increasing numbers of organ failures, whereas we found that in a critical care setting the proportions remained constant. Further information on changes over time can be obtained from two similarly designed studies in French critical care units occurring eight years apart [23, 30] . The percentage of critical care admissions identified as having severe sepsis increased from 8.4% in 1993 to 14.6% in 2001 -a 74% increase. This was even greater than the 22% increase over 9 years observed in our study. They also found a decrease in mortality from 59% in 1993 to 42% in 2001. These studies may, however, be hindered by the use of very short data collection periods at differ- Projected total numbers of admissions to 240 adult, general critical care units in England, Wales and Northern Ireland with severe sepsis during the first 24 hours following admission to critical care and associated hospital deaths Projected total numbers of admissions to 240 adult, general critical care units with severe sepsis during the first 24 hours following admission to critical care and associated hospital deaths. Projected total for each year with 95% confidence interval. Admissions aged < 16 years and readmissions within the same hospital stay excluded.
ent times of the year (November to December 1993 and January to February 2001), as severe sepsis in critical care units has been shown to have a strong seasonal pattern with a peak in winter [12] . The trends of an increasing proportion of admissions with severe sepsis and decreasing mortality in this study are also consistent with the earlier analysis of the same database [12] .
Conclusion
The population incidence of critical care admission with severe sepsis during the first 24 hours and associated hospital deaths are increasing in the UK. In 2004, approximately 31,000 adults admitted to general critical care units had severe sepsis within 24 hours of admission and 14,000 of these died before discharge from hospital. These baseline data provide essential information to those wishing to introduce the recently launched Surviving Sepsis Campaign care bundles in UK hospitals. Similar analysis in the future, using data linked to those being collected by the Surviving Sepsis Campaign, may allow the impact of the sepsis care bundles on critical care outcomes to be evaluated.
Key messages
• The number of admissions to UK critical care units with severe sepsis within the first 24 hours of admission is increasing
• Mortality for these admissions is decreasing, although the total number of deaths is increasing
• In 2004, we estimate there were 31,000 adults admitted to general critical care units in England, Wales and Northern Ireland with severe sepsis
• Of these, 14,000 died before discharge from hospital Population incidence of severe sepsis during the first 24 hours following admission to critical care in England, Wales and Northern Ireland and associated hospital deaths Population incidence of severe sepsis during the first 24 hours following admission to critical care and associated hospital deaths. Incidence per 100,000 population aged 16 years and over for each year with 95% confidence interval.
